Abstract: 4,12-Di-(2-ferrocenylvinyl)-[2.2]-paracyclophane 2 has been prepared and investigated with respect to its electrochemical and UV/Vis/NIR spectroelectrochemical properties. Cyclic and square wave voltammetric measurements show two consecutive one-electron oxidations with a moderate redox splitting of 112(ï‚±3) mV for the individual Fc/Fc+ couples. In spite of this redox splitting, radical cation 2-€¢+ is a class I mixed-valent system with no detectable electronic coupling between the individual redox sites as is shown by the comparison of the Vis/NIR spectra of 2-€¢+, 22+ and the radical cation of 4-(2-ferrocenylvinyl)-[2.2]-paracyclophane, 4-€¢+. The NIR bands observed for the oxidized forms have been assigned as ferrocene-based d-d transitions by quantum chemical calculations. 
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Moreover, it has recently been found that the extent of electron delocalization in MV states of some organometallic compounds positively correlates with their anti-cancer activity [4] .
Derivatives with ferrocenyl end-groups represent an abundant and still increasing class of MV compounds that have been extensively investigated with respect to their electronic structures. This is due to the high stabilities of the neutral and oxidized forms of the ferrocenyl moiety and the well developed synthetic chemistry of ferrocene itself [5] . In the simplest case of biferrocene, two ferrocenyl units are directly bonded to each other and strong metal-metal interactions are observed that may be tuned by the interplanar angle between the interconnected rings or the identity and orientation of the counterion [6] . The challenging issue of long range metal-metal electronic interactions requires, however, that redox active ferrocenyl units are separated by π-conjugated bridges that are able to strongly interact with and electronically couple the terminal ferrocenyl sites. This architecture leads to ferrocenylcapped compounds of class A ( Figure 1 ). Such a kind of molecular architecture can be regarded as prototypical for a "molecular wire".
In compounds of class A, charge is transmitted between oxidized and reduced ferrocenyl endgroups along the plane defined by the intervening π-conjugated bridge. Apart from the influence of the outer solvation sphere, the extent of metal-metal interactions in MV states depends on the energy levels and the electronic structure of the bridge and the spatial distance between the redox centers. While five-and six-membered S-, Se-, O-or N-atom containing heterocycles are the most abundant class of bridges [7] , there are also examples of di(ferrocenes) with π-conjugated carbocyclic [8] , polyenyl [9] or arylenevinylene bridges. [10] It has been claimed that oligophenylenevinylene bridges allow for electronic interactions between interconnected ferrocenyl units over distances of up to 40Å [10a] . Interestingly, metal-metal electronic interactions have also been observed in compounds where two ferrocenyl groups were bridged by short saturated linkers [8c,11] .
Complexes of class B ( Figure 1 ) represent a design where a planar one-or twodimensional (1D or 2D) π-conjugated bridge has been replaced by a three dimensional (3D)
one. Such an arrangement offers complementary through-space and through-bond pathways for establishing electronic interactions between the individual redox sites via π-stacking of the arene decks or via the saturated linkers. In this respect [2.2]-paracyclophane (PCP) [12] (C; Figure 1 ) appears as an attractive and commercially available 3D π-conjugated bridging group. In [2.2]-paracyclophane two benzene rings are tied together at their 1,4-positions by short ethylene linkers. As a consequence free rotation of the benzene rings is no longer possible. Moreover, the short ethylene straps force the two arene decks into a boat conformation which in turn decreases their aromaticity. Thus, the distance between the its mixed-valent radical cation. Figure 2 ) [13a-c] , while that of styrylferrocene (5; Figure 2 ) has already been reported [16, 17] . These compounds serve as reference systems where no Fc/Fc + (4) or arene-arene interactions (5) are possible. 
Results and Discussion

Synthesis and Characterization
The primary objective of the investigations reported here was to introduce 2-ferrocenylvinyl electrophores into positions 4-and time-scale as is indicated by the reverse-to-forward peak current ratios of essentially unity.
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[a] All potentials are referenced to the ferrocene/ferrocenium redox couple.
Data from deconvolution of double peak in the square wave experiment. 
UV/Vis spectroscopic and UV/Vis/NIR spectroelectrochemical measurements
Details pertaining to the electronic spectra of complexes 2, 4 and 5 are collected in Table 2 and displayed in Figure 4 . The electronic spectrum of styrylferrocene 5 has already been scrutinized along with those of similar vinyl or ethynyl ferrocenes with more extended aryl substituents [16, 23] . Figure 4 . Differences between the reported data and ours are expectedly small. The most conspicuous features in the electronic spectra of 5 •+ are the weak, broad NIR band peaking at 941 nm, an even weaker band at 585 nm and a richly structured absorption that envelopes the spectroscopic region from 520 to 360 nm with discernible peaks at 477, 400 and 367 nm (see Table 2 ). Previous studies on 5 and 5 •+ and similar arylethenyl and arylethynyl ferrocene derivatives have shown that conjugated arene substituent strongly perturbs the frontier MOs of parent ferrocene by lifting the degeneracy of the two e 1 (π) and the two e 2 (δ) orbitals. One MO of each set (denoted as e 1 '-a and e 2 '-a in ref. [23] ) has appropriate symmetry to interact with the π-conjugated substituent and is raised in energy with respect to its non-interacting counterpart e 1 '-b and e 2 '-b. The FMO-ordering and electronic configuration of such ferrocenes is thus (e 1 '-b) 2 < (a 1 ) 2 < (e 1 -a) 2 < (e 2 '-b) 2 < (e 2 '-a) 2 [23] . The NIR band of 5 •+ has been assigned as a transition between the e 1 '-a (π) SOMO-2 orbital and the singly occupied e 2 '-a (δ) SOMO. While both orbitals are delocalized across the entire ferrocene-CH=CH-phenyl array, this transition is still associated with appreciable charge-transfer from the styryl substituent to the ferrocenium nucleus as is, inter alia, indicated by its considerable negative solvatochromism. The weak band at 585 nm is the SOMO→SOMO+1 transition while the richly structured band has been found to involve (an)other transition(s) between states that are likewise delocalized across the entire arenevinyl-ferrocenium chromophore. The rich structuring of that group of transitions is a likely consequence of the degeneracy lifting of the parent e-states. A slight blue shift of the arene π→π* bands in the UV is readily traced to the effect of changing the ferrocenyl donor into a ferrocenium acceptor. noted [16, 23] . The position of the NIR band places 4
•+ close to the radical cation of the 9-anthrylvinyl substituted ferrocene. This is despite the distinctly larger ionization potentials (8.1 eV vs. 7.45 eV) [27, 28] and half-wave potentials (1.57 V vs. ca. 1.26 V) [29, 30] (10400) 451 (1230) 367 (6700) 437 (2450) 498 (5450) 434 (4300) 497 (6440) 400 (5800) (1700) 1055 (2000) 585 (220) 890 ( the two related systems is probably due to the fact that the redox processes of styryl ruthenium complexes are strongly biased to the organic ("non-innocent") ligand [31] while they are much more metal-centred for the ferrocenyl systems of the present study (vide infra).
Quantum chemical calculations
We have performed density functional theory (DFT) calculations on the electronic structures of compounds 2 and 4 using the ORCA computer package [32] and Perdew-Burke-Ernzerhof (PBE0) functional. Iron atoms were described by the effective core potential pseudo-relativistic basis set [33] while for all other atoms the 6-31G(d) basis set was used. The molecular structures were fully optimized in the 1,2-dichloroethane solvent (ε =10.3) using COSMO solvation model [34] . Open shell systems were calculated by the unrestricted KohnSham approach (UKS). We have explored relative energies of possible staggered/eclipsed conformers of 2 and 4 and found that the staggered conformers have the lowest energy. The staggered and eclipsed designations refer to the relative dispositions of the PCP and Fc units. The most significant structural parameter is the dihedral angle between the PCP and Fc planes as measured by the torsion angles between the PCP phenylene bond at the vinyl linkage and the adjacent C=CH bond of the ferrocenyl ring (C4-C3-C37-C38 for 4 and C4-C3-C41-C42
for 2, for atomic numbering see Scheme 5) . Deviation from coplanarity of the ferrocenyl and the PCP groups reduces π-conjugation between them and would also attenuate the electronic coupling in 2
•+
. Values of the torsional angle for the various oxidation states are given in Table 2 . The calculated geometries (Table 2) show that in the monoferrocene derivative 4 the PCP and Fc units are nearly coplanar. In diferrocene 2, however, the dihedral angle is considerably larger but not to the degree of seriously impeding π-conjugation. This more twisted ground state conformation of neutral 2 may also be related to the fact that the two α-hydrogens of each ferrocenyl (Fc) unit in 2 differ with respect to their chemical shifts ( Figure S2 of the Supporting Information) while the anisotropy of their shifts in 4 is considerably smaller.
Another interesting observation deduced from the calculations is that oxidation of 2 and 4 leads to a reduction of pertinent dihedral angles ("planarization") which facilitates electron interactions (transfer) between the Fc and the PCP units. This conclusion follows from the comparison of calculated and observed NIR transitions in the electronic spectra of that species. For the alternative triplet diradical and singlet closedshell structures agreement between calculated and observed spectra was much poorer. The NIR electronic transitions were calculated with ZINDO/S Hamiltonian [35] which represents the best compromise between accuracy and computational efficiency for the size of molecules studied in this work. Based on these calculations, the low-energy electronic transitions in 2
2+
are also purely metal based and involve Fe 3d z 2 and Fe 3d(δ) orbitals. Details can be found in
Figures S4 and S5 and in 
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